Abstract. Many birds show a surprising degree of intraspecific variability in migratory tendency and choice of wintering site. In this study, we tracked the seasonal movements of 35 nonbreeding Black-browed Albatrosses Thalassarche melanophrys from South Georgia, including 24 birds followed in two consecutive years. This revealed consistent patterns of status-related, sex-specific, and individual variation in wintering strategies, and provided the first description of the summer distribution of failed/deferring breeders. Individuals exhibited a striking degree of site fidelity, returning to the same region (southwest Africa or Australia) and showing correlated centers of distribution, as well as remarkable consistency in the chronology of their movements, in consecutive years. Nonetheless, a degree of behavioral flexibility remained, and particularly on the return migration, birds moved between, or bypassed, alternative intermediate staging sites depending on local circumstances. Initiation of the outward migration varied according to breeding status, timing of failure, and sex: deferring breeders and those that failed early departed two months before successful birds, and successful females departed 1-2 weeks earlier than males. Sex-related latitudinal variation in distribution was also apparent, with females wintering farther north within the Benguela system. Moreover, the only migrant to Australia was a male, supporting an apparent tendency for male-biased breeding dispersal inferred from genetic analyses. Distribution and timing of movements appeared in general to relate to avoidance of competition from congeners and conspecifics from other populations. From a conservation perspective, the study indicated that, for the declining Black-browed Albatross population at South Georgia, the primary focus should be toward improving the management (especially reducing bycatch levels) of fisheries in the central and eastern South Atlantic.
INTRODUCTION
There is a remarkable diversity of migration strategies within as well as between bird species: different populations can be either wholly sedentary or highly migratory, may have greatly dispersed wintering grounds yet breed in comparative geographical proximity, or may winter in the same area yet breed hundreds of kilometers apart Cooke 1999, Berthold 2001) . Within a population, differential migration by birds of different age, breeding status or sex can lead to segregation at local to regional scales, although some overlap always remains (Cristol et al. 1999 , Catry et al. 2005 ). In addition, although several studies show that individuals are highly faithful to wintering sites (Percival 1991 , Gunnarsson et al. 2004 , Iverson et al. 2004 ), this is not universal (Mehl et al. 2004) , and it cannot be assumed that migration strategies are necessarily fixed from one year to the next. 1 E-mail address: raphil@bas.ac.uk Current knowledge of avian migration patterns has been gleaned primarily from band recovery analyses (Berthold 2001) . However, spatiotemporal variation in reporting rates can lead to unforeseen and unquantifiable biases Cooke 1999, Mehl et al. 2004) , and an alternative approach is to actively track the movements of individuals of known provenance, status, and sex. The latter is particularly effective for revealing the fine detail of migration routes, and for elucidating the role of individual flexibility and constraint in the evolution of alternative strategies. Large seabirds are ideal for this type of study, given their ability to carry devices with long battery lives with negligible detrimental effects (Phillips et al. 2003) . They also have the advantage of long being the target of intensive banding programs, whereby the primary wintering grounds of the main populations have already been inferred.
Although there has been a recent surge of interest in tracking of nonbreeding seabirds (Grémillet et al. 2000 , Ristow et al. 2000 , Stahl and Sagar 2000 , Weimerskirch and Wilson 2000 , Nicholls et al. 2002 , Hyrenbach and Dotson 2003 , only one published study has included more than a few birds followed throughout the migration period . By comparison, foraging ranges are much better described during the breeding season. This has revealed various degrees of spatial structuring: inter-specific segregation by location or habitat type (Hyrenbach et al. 2002 , Waugh and Weimerskirch 2003 , Birdlife International 2004 ; limited overlap between adjacent colonies in some (Weimerskirch et al. 1988 , Huin 2002 , Grémillet et al. 2004 but not all cases (Stahl and Sagar 2000) ; sexual segregation during part or all of the reproductive cycle (Weimerskirch et al. 1993 , Phillips et al. 2004b ) although again, this is not universal (Hedd et al. 2001) ; in some species, consistent individual preferences for specific foraging areas or departure directions (Weimerskirch et al. 1993 , Irons 1998 , Hamer et al. 2001 . Increasingly, researchers have begun to explore the potential mechanisms underlying such variation, with the aim of relating resource partitioning to competitive exclusion or niche specialization arising from inequalities in body size, foraging efficiency, flight capability, manoeuvrability, or nutritional requirements (Weimerskirch and Lys 2000 , Shaffer et al. 2001 , Lewis et al. 2002 , Phillips et al. 2004b .
The purpose of the current study was to determine whether these same factors and processes also characterise the distribution of a nonbreeding seabird, the Black-browed Albatross Thalassarche melanophrys. On the basis of band recoveries (mainly of juveniles), Black-browed Albatrosses from South Georgia appear to winter predominantly in shelf and shelf-slope waters of the Benguela upwelling system, and less commonly off South America and southern Australia (Tickell 1967 . Until now, the proportion of birds of breeding age wintering in each region, and detailed information on individual route choice was unavailable. Our main aims were, therefore, (1) to compare the foraging range and key feeding areas of nonbreeding with breeding adults to assess the extent of the central-place foraging constraint imposed by incubation and chick-provisioning duties; (2) to characterize in detail the timing, routes, staging, and destination areas of migrating black-browed albatrosses; (3) to investigate differences in migration strategies in relation to sex and recent reproductive performance; (4) to assess individual and within-pair consistency in timing of movements and site selection in successive years; (5) to determine the degree of segregation or overlap between this population and conspecifics and congeners during migration; and (6) to identify those foraging areas where conservation and management actions are most urgently needed to improve the status of this endangered species. Annual monitoring of Black-browed Albatrosses at South Georgia indicates marked reductions in adult and juvenile survival rates, and an overall population decline of Ͼ4% per annum since the mid 1970s, attributable largely to incidental mortality in long-line fisheries During chick-rearing in the first summer (2002), some birds were also equipped with a 17 g radio transmitter and in some cases an additional 30 g satellite transmitter. Even with all three devices, instrument mass corresponded to Ͻ2% of adult mass, and had no significant effect on mean foraging trip duration, breeding success, or probability of returning in the following season (Phillips et al. 2003) . The effect of GLS deployment during the winter was therefore likely to be negligible. The sex of all birds (or their partner) was known from behavioral observations (copulatory position and pre-laying attendance pattern), or analysis of DNA extracted from a blood sample (Fridolfsson and Ellegren 1999) .
Light data from the GLS loggers were processed subsequently according to Phillips et al. (2004a) . Sunset and sunrise times were estimated from thresholds in the light curves, latitude derived from day length, and longitude from the time of local midday with respect to Greenwich Mean Time and Julian day, providing two locations per day. During processing, locations derived from light curves with apparent interruptions around sunset and sunrise, or that required unrealistic flight speeds (Ͼ35 km/h sustained over a 48-h period) were identified and later excluded, if appropriate. Data were subsequently smoothed twice. Concurrent deployment of these loggers along with satellite transmitters during breeding indicates a mean accuracy (Ϯ SD) of 186 Ϯ 114 km, which is more than adequate for tracking migration and breeding-season foraging ranges of pelagic species (Phillips et al. 2004a) . Accuracy in the current study was likely to be somewhat lower, as the albatrosses wintered at lower latitudes (Hill 1994) . In addition, locations were unavailable for variable periods around the equinoxes when it is difficult or impossible to estimate latitude (Wilson et al. 1992 , Hill 1994 . Although this will have a minor impact on the maps, neither issue will have any appreciable effect on our results or conclusions. A partially automated approach was used to identify periods of transit, based on consistent movement in an easterly or westerly direction at velocities of 20 km/h and 12 km/h, respectively (values chosen after initial data inspection). The foraging range of Black-browed Albatrosses from South Georgia during the breeding season is already well established , Wood et al. 2000 , Phillips et al. 2004b , and therefore only results from nonbreeding birds during the summer breeding season, or the winter migration, are presented here. The volume of data generated was large (14 937 bird-days) and detailed analyses of distribution and timing were restricted mainly to the 24 individuals tracked in both winters. Kernel density maps were generated in a Lambert equal-area azimuthal (South Pole) projection using the ESRI ArcGIS spatial analyst density tool with a cell size of 50 km and a search radius of 200 km. Examination of possible sex effects (t tests assuming equal or unequal variances, as appropriate) were restricted to comparisons with adequate sample sizes.
RESULTS
Loggers were deployed on 58 breeding Blackbrowed Albatrosses in summer 2002, of which 52 (90%) returned, all with devices, of which 35 (67%) downloaded successfully, at the start of summer 2003. Loggers were redeployed on 27 of these 35 birds, of which 26 (96%) returned in early summer 2004 (one without the logger). Twenty-four (96%) of these 25 devices downloaded successfully.
Overall wintering distribution
Of the 35 Black-browed Albatrosses (17 females, 18 males) tracked in the first winter (2002), all females spent the core winter months in the Benguela region off southwest Africa. Sixteen males (89%) wintered in the Benguela, one (6%) traveled east to southeastern Australia, and one (6%) remained in the southwest Atlantic, mainly on the Patagonian shelf. The following winter (2003), the 23 birds that traveled to the Benguela, and the male that flew to Australia, all did so again. The male that had wintered on the Patagonian shelf was not tracked a second time.
The wintering distributions of the study birds indicate little change between years in the extent of the core area off southern Africa, but more variation elsewhere, with an apparent extension of the range west of 20Њ W in the mid South Atlantic in the second year ( Fig. 1) . During the summer, deferring breeders and those that failed early used very similar sites, including the South Georgia region, the Antarctic Peninsula, and waters in the vicinity of the South Sandwich fracture zone (mostly Ͼ3000 m deep) centered around 61Њ S, 17Њ W (Fig. 2) . Birds that traveled to the Benguela exploited a number of areas on the return migration back to the breeding colony, in particular an extensive region on the mid-Atlantic ridge around Tristan da Cunha (37Њ S, 14Њ W) from mid July to early September. Occasional return trips of 5-38 d duration were also undertaken to this area during the mid-winter (total n ϭ 16 trips from 10 individuals over the two winters). Birds that left the Benguela relatively late traveled back slowly at higher latitudes (50Њ S), with the only obvious staging area situated just to the east of South Georgia around 26Њ W. Only one bird commuted directly back to South Georgia (at the end of its second winter only). During their pre-laying exodus (the time spent at sea between copulation and egg laying), which lasted around 9 d, females stayed relatively near to the colony (usually within 700 km).
The single male that spent 84 d around the Bass Strait and elsewhere off southeast Australia in winter 2002, stopped in shelf waters at the Crozet archipelago during its outward journey, and around the Kerguelen and Crozet archipelagos on its return (see Fig. 1 ). The next summer, following failure during early incubation, it spent 113 d in the South Atlantic around 59Њ S, 18Њ W, before making a rapid, direct journey of over 9000 km in just 17 d across the Indian Ocean to reach Australia. In comparison with the previous winter, it stayed for less time (66 d) in waters further to the west (Spencer Gulf and south of the Great Australian Bight), and on the return journey, staged to the north of the Kerguelen shelf, but by-passed Crozet and instead stopped in the mid South Atlantic before finally returning to South Georgia.
Influence of reproductive status on outward migration
Timing of movements and the use of different regions were closely linked to reproductive status (Fig.  3) . Of the 24 birds tracked in consecutive winters, in the first breeding season, 11 fledged their chick successfully, two failed early (before mid February), and 11 failed late in chick rearing. The following year, eight did not breed, and of the 16 that did, none was successful: 13 failed in incubation or early chick rearing, and three in late chick rearing. This low success mirrored that in the study colony as a whole (British Antarctic Survey, unpublished data), and was unrelated to device deployment.
The most common departure pattern for a successful breeder (summer 2002) was to leave the South Georgia area about a week before the chick fledged, and either fly directly and rapidly (in 3-6 d) to the Benguela (n ϭ 7), or initially travel west for a brief (5-13 d) visit to the Patagonian shelf (n ϭ 4), before traveling eastwards. In both summers, birds that failed late (total n ϭ 13) departed slightly earlier, but otherwise showed a similar movement pattern to successful breeders, although none visited the Patagonian shelf. In contrast, those that failed early departed from the South Georgia area much sooner. There was a highly significant negative correlation between fail date and the subsequent number of days before departure (which varied from 1 to 127 d) in summer 2003 (r 11 ϭ Ϫ0.94, P Ͻ 0.001) indicating that departure date was related to the time of year and not the period elapsed since egg or chick loss. There was no significant difference between the mean departure date from South Georgia of birds that failed early and those that deferred breeding in summer 2003 (means of 10 February and 20 February, n ϭ13 and n ϭ 8, respectively; t 19 ϭ 1.5, P ϭ 0.14).
Year effects.-Given the higher rates of failure and breeding deferral in the second season, the same in- dividuals arrived on average significantly earlier (by about a month) in the Benguela in their second winter (paired t test, t 22 ϭ 5.1, P Ͻ 0.001). Less predictably, birds on average departed earlier (by 17 d) from the Benguela in 2003 (paired t test, t 22 ϭ 3.4, P Ͻ 0.005), and arrived earlier (by 12 d) in the southwest Atlantic (paired t test, t 22 ϭ 3.2, P Ͻ 0.005). Arrival in the proximity of the breeding colony at Bird Island was also slightly earlier, but the difference was only 3 d and not quite significant (paired t test, t 22 ϭ 1.9, P ϭ 0.07).
Sex effects.-Sexual segregation in distribution was apparent during the period corresponding to the prelaying exodus of females (when they traveled further from the breeding colony), and in that the two birds that wintered in Australia or the southwest Atlantic were both males. In addition, in the Benguela during both winters, the centers of distribution of the females were on average 4.4-4.8Њ further north (t 9.6 ϭ 3.4, P Ͻ 0.01 in 2002, and t 21 ϭ 3.3, P Ͻ 0.005 in 2003), and 1.4-2.0Њ further west than those of males (t 9.8 ϭ 3.1, P Ͻ 0.05 in 2002, and t 21 ϭ 2.5, P Ͻ 0.05, in 2003).
There were also clear differences in timing of movements (Fig. 3) . At the end of the 2002 summer, although there was no significant difference in mean chick fledge dates (t 9 ϭ 1.4, P ϭ 0.20), successful females departed earlier from South Georgia (t 8.9 ϭ 3.0, P Ͻ 0.02) and arrived earlier at the Benguela than successful males (t 9 ϭ 2.8, P Ͻ 0.05), with no difference in travel time between the regions (t 9 ϭ 0.6, P ϭ 0.6). The following season, among birds that failed early or deferred breeding, although there was no significant difference between males and females in departure date (t 18 ϭ 0.8, P ϭ 0.41), females arrived one month earlier in the Benguela (t 18 ϭ 2.5, P Ͻ 0.05).
Males and females did not differ significantly in mean residency time, or date of departure from the Benguela, in winter 2002 (t 20.5 ϭ 0.4, P ϭ 0.72, and t 21 ϭ 0.7, P ϭ 0.50, respectively) or 2003 (t 21 ϭ 1.6, P ϭ 0.12 and t 21 ϭ 0.5, P ϭ 0.66, respectively). Although there was no significant difference in winter 2002 in mean arrival date of each sex in the southwest Atlantic (t 21 ϭ 0.1, P ϭ 0.94), males arrived in the proximity of Bird Island on average 5 d earlier than females, which was marginally nonsignificant (t 21 ϭ 1.9, P ϭ 0.067). In 2003, differences were clearer: males arrived in the southwest Atlantic 15 d earlier than females (marginally nonsignificant, with t 17.8 ϭ 2.0, P ϭ 0.065), and significantly earlier (by 4 d) in the proximity of Bird Island (t 21 ϭ 2.1, P Ͻ 0.05).
Individual effects.-The 24 individuals not only maintained their preference for the Benguela or Australia, but while in the Benguela also showed correlations in the mean latitude (r 21 ϭ 0.73, P Ͻ 0.001) and mean longitude (r 21 ϭ 0.74, P Ͻ 0.001) of the centers of their winter distribution from one year to the next. There was however no evidence of preferred staging areas: many used the Patagonian Shelf, Antarctic Peninsula, South Sandwich Fracture Zone, and Tristan da Cunha regions in only one of the two years. Given the changes in breeding status and fail date, there was no significant correlation between 2002 and 2003 in date of departure from South Georgia (r 22 ϭ Ϫ0.07, P ϭ 0.76), or arrival in the Benguela (r 21 ϭ 0.28, P ϭ 0.19). However, individuals were highly consistent in the timing and duration of every phase thereafter, with significant correlations between winter 2002 and 2003 in time spent off southwest Africa (r 21 ϭ 0.53, P Ͻ 0.01), departure date (r 21 ϭ 0.54, P Ͻ 0.01), arrival date in the southwest Atlantic (r 22 ϭ 0.55, P ϭ 0.005), arrival date near to Bird Island (r 22 ϭ 0.50, P Ͻ 0.02), and laying date (r 14 ϭ 0.52, P Ͻ 0.05). Moreover, intervals between these events were also consistent in individuals between years (r 21 ϭ 0.51, P Ͻ 0.02, r 22 ϭ 0.45, P Ͻ 0.05 and r 14 ϭ 0.53, P Ͻ 0.05, respectively). This also applied to the albatross that wintered in Australia: dates of departure from Australia and arrival in the southwest Atlantic were 10 August and 13 October in 2002, and 12 August and 9 October in 2003, respectively. Both members of, respectively, six and five pairs were tracked in the first and second winters. There was no evidence that pair members actively associated with each other at sea: the partners of the males that wintered off Australia and in the southwest Atlantic both migrated to the Benguela. Nor did pair members depart on similar dates from South Georgia, or South Africa. However, at the end of winter 2002 (with the slightly larger sample), pair members arrived near to the breeding colony at relatively similar times, indicated by the significant variation within, compared to among pairs in arrival date in the proximity of Bird Island (F 5,11 ϭ 5.9, P ϭ 0.026).
DISCUSSION
This study of 35 birds, of which 24 were tracked over two consecutive seasons, is the most comprehensive to date of nonbreeding distribution in a migratory seabird. The extensive detail on timing of movements and utilization of different oceanographic regions confirmed the existence of three distinct primary wintering destinations (the Benguela upwelling system, Patagonian shelf, and southern Australia, used by 94%, 3%, and 3% of birds, respectively), as well as complex variation in smaller-scale habitat preferences during the outward and return journeys from South Georgia. The study also revealed consistent patterns of status-related, sex-specific, and individual variation in wintering strategies, as well as the first description of the distribution of nonbreeding Black-browed Albatrosses during the summer.
Individual site fidelity
One particularly striking result was the high degree of regional site fidelity. Not only did individuals visit the same region (i.e., the Benguela or Australia), but those that returned to the Benguela also showed correlated centers of distribution in consecutive years. To our knowledge, this is the first time that wintering site philopatry has been confirmed in an annually breeding seabird, although it might actually be a common characteristic of albatrosses. In the biennial Grey-headed Albatross Thalassarche chrysostoma, adults have a much more diverse range of migration strategies, and most (although not all) adopt the same tactics in consecutive winters ). There have also been serial recaptures of some wandering albatrosses Diomedea exulans in a small area off New South Wales (Nicholls et al. 1995) , although potentially these birds could migrate to other areas in intervening seasons, and others that are captured infrequently or winter elsewhere might not be as site faithful.
Fidelity to intermediate staging sites was, by contrast, rather less pronounced. The overall distribution differed to some extent between years, with an apparent extension west of 20Њ W in the mid South Atlantic in the second winter. More importantly, on the return migrations from the Benguela, individuals usually stopped in a particular area only once, and sometimes traveled back at high, and sometimes at low latitudes. The Australian migrant also varied its staging areas (combinations of the Crozet and Kerguelen archipelagos, the mid South Atlantic, or no stop at all, depending on year and direction), and terminus (southeast Australia in the first year and south of the Great Australian Bight in the second).
Endogenous control of timing of movements and site selection
In addition to high site fidelity, there was a remarkable degree of year-to-year consistency in the chronology of individual movements. This of course excludes date of departure from South Georgia and arrival in the Benguela, which were dictated by reproductive status, breeding outcome, and timing of failure, but refers to the timing and duration of every phase thereafter, from the start of the return migration to the date of egg laying some one to three months later. This is one of the very few studies of any bird to show significant individual consistency in timing or duration of migration that was not confounded by potential cultural transmission (also see Potti 1998 , Møller 2001 , Bêty et al. 2004 .
In Black-browed Albatrosses, there appears to be little incentive to arrive very early at the breeding colony, as there is no relationship between laying date and hatching or breeding success (British Antarctic Survey, unpublished data). Nor is there selection against rarer choices of wintering destination. Despite the extra distance involved, the Australian migrant (a male) arrived back at Bird Island in sufficient time for his partner to lay among the first 7%, 24%, and 2% of pairs in the colony in summer 2001, 2002, and 2003, respectively. In other species with disjunct wintering ranges, remaining close to the breeding site may confer a slight reproductive advantage (Mehl et al. 2004 ). Indeed, a hypothesis based on arrival times is often invoked to explain differential migration, where classes differ in timing or intensity of competition for breeding opportunities (Cristol et al. 1999) . However, this is clearly not the case for Black-browed Albatrosses, for which there is no reason to consider the minority destinations in any way suboptimal. Individual migration characteristics (specifically, timing and choice of destination), may therefore have a major genetic component, a conclusion that is also supported by selection experiments in passerines (Berthold and Helbig 1992) .
Although it was not possible to determine the precise cues that triggered movements, albatrosses must possess an endogenous timer similar to that of other longdistance migrants (Gwinner 1996) . This is likely to be synchronized in response to an external environmental stimulus such as photoperiod. Albatrosses and petrels have exceptional homing abilities, and are capable of true navigation rather than path integration, although details of their large-scale bi-coordinate map and solar or magnetic compass system are uncertain (Å kesson et al. 2001 (Å kesson et al. , Benhamou et al. 2003 . Being long lived, they should also have accumulated extensive knowledge of the range of alternative foraging areas available in different regions. These attributes clearly provide them with the flexibility to select alternative sites at any juncture, depending on local environmental conditions, with such decisions probably mediated by physiological status, experience of recent, and memory of past, feeding success.
This operational flexibility was also apparent in the strategies of failed and deferring breeders, which for most of the summer had very similar foraging ranges (Fig. 2) . Active breeders also use the same areas, but because of central-place foraging constraints imposed by the need to return regularly to feed chicks, tend to be rather less widely dispersed. In particular, trips by chick-rearing birds to as far as the South Sandwich Fracture Zone are rare , Phillips et al. 2004b . Deferring breeders and those that failed early commenced migration in February (Fig. 3) , presumably because conditions were by then more favorable elsewhere. This was much earlier than successful birds, which are forced to remain at South Georgia to complete chick-rearing duties. This resulted in large variation in arrival date in the Benguela but thereafter, recent breeding status ceased to be important.
BLACK-BROWED ALBATROSS MIGRATION
Although a fair degree of behavioral plasticity was evident on the return migration in terms of departure date from the Benguela, arrival date in the southwest Atlantic, and choice of staging area, this did not apply to timing of arrival in the proximity of the breeding colony, which was far more tightly constrained (Fig.  3) . This presumably reflects the disadvantages of arriving too soon, resulting in a protracted and energetically costly (given the marked decline in body condition that takes place even under normal circumstances; Huin et al. 2000) period of pre-laying attendance, or too late, which would not allow sufficient time for egg formation or replacement of a missing partner. Arrival dates of pair members tended to coincide, despite no evidence for any association at sea during the winter. Although Gunnarson et al. (2004) suggest a variety of reasons why Black-tailed Godwit Limosa limosa pair members that winter far apart should nonetheless show synchronized arrival, the most parsimonious explanation is simply a higher probability of pair formation between partners that arrive relatively early or late in the season, which, according to our results, is a more or less fixed characteristic.
Sex differences in timing and distribution
Recent empirical work has demonstrated a degree of gender-specific variation in various aspects of foraging behavior in seabirds, including albatrosses (Weimerskirch and Lys 2000, Lewis et al. 2002 , Phillips et al. 2004b . In this study, there were clear between-sex differences in regional distribution and timing of movements. Successful females departed earlier from South Georgia, and successful, failed and deferring females all arrived earlier in the Benguela. A more extensive dataset on attendance of birds fitted with radio-transmitters confirms that females usually depart a few days before males and are much less likely to visit the nest after fledging (British Antarctic Survey, unpublished data).
In contrast, at the start of the breeding season, males arrived 4-5 d earlier in the proximity of Bird Island. Sightings of banded birds indicate, similarly, that males arrive around 4 d earlier and spend more time at the colony than females prior to egg laying (Tickell 2000) . This presumably reflects their greater role in nest acquisition and defense. Why females should depart before males is less clear. Male albatrosses usually, but not always, undertake a greater share of chick provisioning (Huin et al. 2000, Weimerskirch and Lys 2000) , and one possibility is that being larger, they can expend greater overall reproductive effort. Hence the earlier departure of females could reflect a more equitable investment relative to body size. In Buller's Albatross Thalassarche bulleri, males apparently desert the chick 1-2 mo before fledging, which Stahl and Sagar (2000) attributed to reduced body condition as a consequence of their far greater provisioning effort earlier in chick rearing. Note that it was once thought that female Wandering Albatrosses also deserted the offspring earlier than males, but this now appears to be a misinterpretation resulting from the much reduced feeding frequency of females late in chick rearing (Weimerskirch and Lys 2000) . However, an explanation based on reproductive costs does not explain why failed and deferring female black-browed albatrosses also arrived in southern African waters sooner than males. One alternative is that females, with their lower wing loading (Phillips et al. 2004b) , are better adapted for meteorological conditions in the Benguela during the late summer. Niche specialization might also explain the pronounced latitudinal segregation of the sexes in this region throughout the winter, but more detailed analyses of sex-specific habitat preferences are clearly required.
There was also a larger-scale, between-sex difference in distribution: the only two birds that did not winter in the Benguela were both males. This could be dismissed as a sampling artifact were it not for evidence in other albatrosses for gender differences in migration tactics or distribution Wilson 2000, Croxall et al. 2005; N. Huin, unpublished data) . Furthermore, in the small population of T. melanophrys at Campbell Island, which has probably been established within the last century, there is a strong male bias (Moore et al. 2001) . In addition, the degree of genetic isolation of black-browed albatross populations, when assessed using mitochondrial DNA (limited to female lineages), is considerably higher than when assessed using microsatellites (inherited biparentally), which is suggestive of male-biased dispersal (Burg and Croxall 2001) . Gene flow may therefore be effected by the immigration of small numbers of errant males such as those detected here. This would also explain the presence of marker genes typical of South Georgia Blackbrowed Albatrosses in the Falklands and New Zealand populations (Burg and Croxall 2001) .
Intra-and interspecific segregation and competition
Although Black-browed Albatrosses tend to concentrate in shelf and shelf-slope waters, they and the closely related Campbell Albatross Thalassarche impavida, will also feed over much deeper water , Waugh et al. 1999 , Huin 2002 . Not surprisingly, given this variety of foraging habitat, Black-browed Albatrosses have catholic dietary tastes: depending on the site, they generally take fish, krill, or squid in shelf and shelf-break areas, and squid at frontal zones or in deeper oceanic water (Waugh et al. 1999 , Cherel et al. 2000 . As such, they potentially compete with a number of other large, opportunistic, highly pelagic predators in the same ecological guild. Indeed, there is strong evidence for inter-specific resource partitioning among sympatric albatrosses during the breeding season, mediated by variation in habitat preferences and behavior (Hyrenbach et al. 2002 .
Much less is known about ecological segregation while on migration, although two separate studies have recorded substantial spatial or habitat segregation between congeneric Diomedea and Thalassarche albatrosses in their respective wintering grounds off South America (Nicholls et al. 2002 , Spear et al. 2003 . The benefits of minimizing competition from other taxa with overlapping prey preferences, as well as conspecifics from other populations, may explain some movements of the tracked birds. The Falkland Islands hold 75% of the world population of Black-browed Albatrosses; these birds forage on the Patagonian Shelf throughout the year, and intensively around the Falklands during chick rearing (Grémillet et al. 2000 , Huin 2002 . Despite the relative geographical proximity, failed and deferring breeders from South Georgia avoided the area entirely during the summer, successful birds only visited for brief periods after mid April when Falklands chicks have fledged, and only one bird wintered there. Similarly, waters around Tristan da Cunha that were exploited occasionally during the winter and at the start of the return migration, were vacated by early September when the endemic Atlantic yellownosed albatross Thalassarche chlororhynchos returns to its breeding colonies (Tickell 2000) . Some Atlantic Yellow-nosed and adult White-capped Albatrosses Thalassarche [cauta] steadi also migrate to African coastal waters, but the former are less abundant and tend to winter further north (Morant et al. 1983) , and the latter usually feed closer inshore; moreover, successful breeders are unlikely to reach the area in large numbers until well after chick fledging at the Auckland Islands in mid August (Tickell 2000) , by which time the South Georgia black-browed albatrosses have mostly departed (Fig. 3) .
Implications for conservation
The winter distribution of the tracked birds overlapped with a number of major fisheries, including trawlers targeting hake Merluccius spp. or blue whiting Micromesistius australis in the South African Exclusive Economic Zone (EEZ) and the Patagonian Shelf, and longliners targeting tuna Thunnus spp., Patagonian toothfish Dissostichus eleginoides, or (less commonly) swordfish Xiphias gladius or hake throughout much of the South Atlantic, the southern Indian Ocean, and the Australian Fishing Zone (Klaer and Polacheck 1997 , Grémillet et al. 2000 , Ryan et al. 2002 , Favero et al. 2003 , Tuck et al. 2003 . In several of these areas, including the Australian Fishing Zone and South African EEZ, levels of incidental mortality of Black-browed Albatrosses were at one time very high, in the order of hundreds or thousands of birds each year (Brothers 1991 , Ryan et al. 2002 , which was undoubtedly a major factor contributing to the decline of the South Georgia population .
Most of those killed in South African waters are immatures, which remain in the area and are potentially vulnerable to bycatch throughout the year (Ryan et al. 2002) . There was also a sharp increase in the proportion of banded birds from South Georgia recovered in Australian waters from the mid 1960s onwards . Assuming this reflects more than spatiotemporal variability in reporting rates, this could partly explain the higher mortality (by 2%) of males compared with females in the South Georgia study colonies , as males seem to have a higher probability of visiting Australian waters. Alternatively, males may compete more vigorously for longline bait or there may be some other aspect of the spatial or temporal sexual segregation in South African waters that increases their overlap with particular fisheries or vulnerability to incidental mortality (Ryan and BoixHinzen 1999) .
On the basis of the tracking results, which indicate that it is rare for birds of breeding age to migrate to Australian waters, it is reasonable to conclude that bycatch there is not the priority concern for the South Georgia population. In any event, bird capture rates in that region have gradually declined with the introduction of better observer coverage and improved mitigation (Klaer and Polacheck 1997) . The same is true for some of the longline fisheries on the Patagonian Shelf, although a recent increase in trawl-associated mortality is having a serious detrimental effect on the Falklands black-browed albatross population, which has declined by 25% in the last 20 years (Tuck et al. 2003) . During the breeding season, when the South Georgia birds forage mainly in waters whose fisheries are well-regulated under the jurisdiction of the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR), bycatch levels are minimal (CCAMLR 2003) . A small proportion might be vulnerable as they travel through the Indian Ocean, although on the Kerguelen Shelf at least, winter fishing effort by licensed vessels is low to avoid bad sea conditions .
Therefore, attention should be focused on fisheries interactions primarily in the central and eastern South Atlantic during the austral winter. Although there is little evidence that the domestic South African longline fishery for hake is a problem (Barnes et al. 1997) , that is not true of their hake trawlers and tuna longliners. Of greater concern are the extensive fisheries by Japanese, Taiwanese, and IUU (illegal, unregulated, and unreported) vessels operating in the area regulated by two existing regional fisheries management organizations, the International Commission for the Conservation of Atlantic Tuna (ICCAT) and the Commission for the Conservation of Southern Bluefin Tuna (CCSBT), and the nascent South East Atlantic Fisheries Organisation (SEAFO). Mitigation measures such as the use of streamer (tori) lines, night-setting, retention of offal and used bait on board, line-weighting, and so forth can be extremely effective in reducing the level of incidental mortality of albatrosses (Murray et al. BLACK-BROWED ALBATROSS MIGRATION 1993 , Brothers et al. 1999 ). Given the current rate of population decline, If attempts are not made by ICCAT, CCSBT, and SEAFO to minimize IUU fishing effort, to promote the use of mitigation measures, and to introduce an independent observer program to monitor and assist compliance, the future for Black-browed Albatrosses at South Georgia appears bleak.
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